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RESEARCH MEMORANDUM .

TRUE AIRSPEED MEASUREMENT BY IONIZATION-TRACER TECHNIQUE

By Bemrose Boyd, Robert G. Dorsch, and George H. Brodie

SUMMARY

Jon bundles produced in a pulse-excited corona discharge are used
as tracers with a radar-like pulse transit-time measuring instrument in
order to provide a messurement of airspeed that is independent of all
variables except time and distance. The resulting instrumentation need
not project into the alr stream and, therefore, will not cause any inter-
ference in supersonic flow. The instrument was tested at Mach numbers
renging from 0.3 to 3.8. Use of the proper 1nstrumenta$ion and technique
results in accurascy of the order of 1 percent.

INTRODUCTION

Tracer techniques have had maeny spplications in aerodynemics
research. Various types of itracers including sewdust, smoke particles,
regions of heated air, chemicel fumes, radioactive molecules, excited
molecules emitting afterglow, and lonized molecules have been suggested
or used, some quite successfully particularly in the field of flow vis-
ualization. Ion bundles or groups of ionized molecules have been found
(references 1 to 3) to serve as sultable tracers in the air flow and may
be used in conjunction with an accurate timing device in order to pro-
vide a fundamental method of measuring airspeed. This method offers
definite advantages especially in the region of high supersonic Mach
numbers.

Several possible methods for producing the icnization are available
including the use of alpha particles, high-gpeed electrons (either from
a resonant cavity as suggested in reference 2, an electron gun, or &
redioactive. source), ultraviolet rays, X-rays, and various types of
electric discharge ranging from a precorona discharge to a spark (refer-
ences 1 to 3). Work at the NACA Lewis leboratory has indicated that a
corona discharge from a needle point mounted in an insulating plug gives
better results with respect to the signal produced then a spark discharge
and also provides an gbundant supply of ions even when the needle point
is essentially flush with the surface of the insulator. The selection
of ions as tracers and the needle-point corona as ionizing agent permits
the instrumentation at both the ionizer and detector to be mounted f£flush
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so as to be outslde the gir stream, and alsoc permits the use of comven-
ilent electronic circuits in both the lonizer supply and the detector
amplifier. Three types of operation have been used corresponding to the
three types of signsal modulation: frequency (reference 2), phase, and
pulse-time modulation (references 1 and 3). The selection of the pulse
type of operation sllows the ionizer supply to be patterned after the
high~voltage pulser of a radar transmitter and allows the timer to be
patterned after the timing circult of a rader renge unit, thereby pro-
viding an accurate direct measurement of pulse transit time for the-
determination of speed in terms of the fundementsl units (time and
distance).

The progresg that has been made at the Lewis laborsatory in the
application of a tracer technique to the measurement of true ailrspeed 1s
outlined herein and an instrument that uses ilon bundles or groups of
electrically charged molecules for this purpose is described. When
nmesgurements between two identlcal detectors are used, it should be
posslible to obtain velocity measurements with a high degree of accuracy
without inserting any probe Into the air stream or otherwise interfering
with the flow. Techniques snd circuits originabting from rader practice i
and other specialized fields of electronics (references 4 to 7) ere com-
bined in this instrument in order to accomplish the s:pec:i_fic purpose of

accurate airspeed measurement. . ‘— K

The instrument has been tested in six different wind tunnels having
cross-section dimensions at the test sectlon ranging from 3.4 inches %o
2.0 feet, at Mach numbers ranging from 0.3 to 3.8, and at static pres-~

sures from spproximately atmospheric down to 0.25 inch of mercury, -

under conditions of both molst and dry air with temperatures sppropriate
to the given Mach numbers and pressures. Transit path lengths as short
as 1/2 inch have been used. :

GENERAIL: DESCRIPTION OF EQUIPMENT AND METHOD OF OP.ERATION

The electronic true airspeed indicator measures true airspeed by
timing the passage of an ion bundle from one detector to another over a
known distance. ‘The instrument is made up of the following components:
an ion signel generstor consisting of & synchronizer, s high-voltage
pulser, and an icnizer electrode; a slgnal receiver comsisting of a
detector and an amplifier; a timer; and an.oscilloscope indicator. A
block dlagram (fig_. 1) shows the interconnections of the various units
in the system. All units operate from the 117-volt, single-phase,
60-cycle power source. Photographs of the Instrumentation applied to .
one of the wind tunnhels are presented in figure 2. Figure 3 shows clr-
cult wiring disgrams of the instrument. : -
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The synchronizer (£ig. 3(a)) generates two synchronized pulse sig-
nals that trigger the driven sweep of the Indicator oscilloscope and the
high-voltage pulser, respectively. The high-voltage pulser (fig. 3(b))
supplles a pulse (fig. 4) of 7 to 10 microseconds durstion and approxi-
mately 15,000 volts peak to the ionizer (fig. 5), which 1s a needle
mounted in an insulating insert in the wind tunnel wall so that the
point 1s exposed wlthout protruding into the air stream. The detectors
(£igs. 5 and 6) are of the induction pickup type also mounted flush in
the wind tunnel wall. Two or more detectors may be ‘mounted in line
downstresm from the ionizer.

An ion bundle i1s formed in the air stream opposite the ionlzer
during its period of pulse excitation and is carried downstream by the
air flow. A signal (fig. 7) is produced in the receiver by induction
when the ion bundle passes each detector. A pulse (fig. 8) also appears
in the receiver simulteneously with the lonizer excitation by direct
induction from the ionizer. A fixed time delay is incorporated in the
pulse channel from the synchronizer to the high-voltage pulser for the
purpose of allowing the direct pulse to be viewed on the indicator within
the sweep range of the timer.

The timer (fig. 3(d)) is a varisble time-delay circuit inserted

between the synchronizer and the indicator sweep. The timer ensbles an

operstor to position the ion signal Ffrom any detector or the direct
signal from the ionizer under the indicator index. The crossover or
point of zero signal amplitude (fig. 7) provides s measurement point that
can be accurately located. The difference between the readings of a cal-
ibrated dial on the timer for any two of these signals gives the transit
time hetween the corresponding pogitionms.

DESCRIPTION OF COMPONENTS

Synchronizer. - In the synchronizer unit (fig. 3(s)), a phase-shift
master oscillator provides a signal to each of two channels. In each
channel the signel is amplified, squared, and pegked to trigger a low-
power blocking oscillator. One channel feeds an external synchronizing
signal to the timer unit, whereas the other drives & high-power blocking
oscillator stage in order to produce the high-voltage-output trigger

‘pulse. This latter signal lags the externsal synchronizing signal in

time phase, "end mekes it possible to observe on the oscilloscope indica-
tor the pulse that travels to the receiver probe by direct induction as
well as the signal resulting from the passage of the tracer ions. Pulse
repetition frequencies of 400 and 800 cycles per second have been used.

High-voltage pulser. - The high-voltage pulser (fig. 3(b)) is a
commonly used radar pulser.circuit. A voltage-doubling rectifler, the
amplifier tubes, and the output transformer are connected in series to
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produce the high-voltage pulse. The high-voltage pulse transformer is a
special unit wound on the powdered-iron core of a televislon flyback
transformer. The transformer 1s insulated with Teflon and polyethylene
tapes and has & voltage step-up of sbout 1 to 4. The output pulse is
bidirectional with a damped oscillatory transient following the negative
half cycle (fig. 4). No attempt is made to obtain a unidirectional
pulse, as experience has shown that a bidirectional pulse gives better
results. The effective width from the first positive half-power point
to the trailing negative half-power point 1le 6 to 8 microseconds. The
voltage peaks are of the order of 15,000 volts. When operating under
verious air pressures it is desirsblé to control the output of the ion
signal genersgtor. This control may be accomplished either by a voltage
divider from ionizer to ground or by & variable transformer in the high
voltage supply. : .

Ionizer. - The lonizer consists of an lonizer electrode and an

insulating plug or insert (for example, see fig. 5). - Thé ‘electrode is

a needle mounted in the plastic insulator so that the point breaks the
surface but does not protrude sppreclably. Somewhat better results are
obtained when the needle point does project very slightly (less than
0.01 in.) but even in supersonic flow this protrusion ususelly places the
needie point within the subsonic part of the boundary layer. If the
ionizer is separately mounted and.‘the voltage does not exceed the voltage
necessary to produce the coronal type of dlscharge, a plug 1 Inch in
diemeter provides adequate insulation except at very low alr pressures.

Detector. - The detector (fig. 6) contains the pickup or semsitive
element and the input tube, which is a type.2002, connected as a cathode
follower. . The pickup conslsts of a shielded wire and insulator assembly
in a coaxial configuration ending f£flush with the inner surface of the
wind tunnel wall; the end of the central conductor (No. 14 wire) is
exposed to serve as a plckup electrode. -The pickup shield dlameter is
1/4 inch and 1ts length is 1/2 to 2 1nches as required by the tunnel wall
thiclkmness. The input grid resistor is 1.5 megohms, which gives a low
time constant so that the voltage developed on the input grid is propor-
tional to the induced current rather than to the induced charge. o

For use with the interdetector methoi of measurement (ueing the
trensit time and distance from one detector to anpther) in order to more
closely approximste the conditions of measurement at a point, a dual
detector has been constructed conteining a type 6J6 dual triode with two
pickup electrodes mounted just 1/2 inch apart in the ‘seme plug and
housing, thus providing a transit distgncc:df_onlyhl/a_inch.  ]

Receiver amplifier. - The receiver emplifier (fig. 3(c)) was orig-
inally constructed as & video smplifier with a wide pass band and high

gain but tests showed that this amplifier was more sensitive thean . EEELE

necessary and picked up en excessive amount of noise. The pass band was
reduced to about 800 kilocycles and the peritode tubes were reconnected
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as triodes in order to handle larger signsal smplitudes. The signel from
the detector is developed across s 39,000-ohm cathode resistor returned
to a negative bilas supply in order to extend the Gynemic operating range.
Two triodes (type 9002) are used in the input in a direct-coupled stage/
with a high plate load and & low cathode-follower output load resistor.
Cutput to the indicator ls taken through ca.pacitive coupling from the
cathode of the f£inal stage. )

Indicator. - The indicator used In the system is a commercial
oscilloscope with provision for a driven (single) sweep with external
synchronization. Varlous types of indication and indexing are possible
inecluding circular sweep with radial deflection (J-scope presentation,
reference 1), Z-axis blanking or intensification, various forms of
electronically generated cursors or time markers, and so forth, but the
orthogonal presentstion and fixed mechanicsl index are entirely adequate
when used with a delayed and expanded sweep (R—scope presentation) .

Timer. - The timing circuit (fig. 3(d)) is a screen-coupled phan-
tastron (reference 4) used in conjunction with appropriate pulse-shaping
circuits. The pulse from the synchronizer triggers the phantastron time-
delay circuit. APter a delsy time determined by the control setting, a
pulse is produced that triggers the driven sweep in the indicator. Thus
the position of any signal with respect to the indicator index is deter-
mined by the phantastron control setting in conjunction with the indi-
cator centering control. The time interval between two signals msy be
obtained by setting first one signsel then the other to the index
while holding the centering control fixed and noting the difference
between the delay times corresponding to the control-dial readings. Cal-
ibration of the control disl is accomplished by means of an interval
timer connected in such a manner that both the interval timer and the
time-delay unit can be started by the same gpplied pulse, and the timer
1s stopped by the output pulse from the delsy unit. Calibration curves
on all ranges show very good lmea.rity and negllgi'ble change over periods
es long as several months.

BASTS FOR EMPIRICAL: DEVELOPMENT COF INSTRUMENT

In spilte of a large volume of literature on the general subject of
electric discharges in gases (for example, reference 8), no theory was
found that adequately covered the production of ion bundles in a moving
air stream by a pulsed discharge. Reference 3 contains a theoretical
trestment of the signal induced on & pickup electrode by a moving charge
which satisfactorily accounts for the shape of the recelved signal. The
current induced in-the input circuit (derived in reference 3 and appen-
dix A) may be expressed as ' '

il = %Ezv cos 6
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where q 1s the ionic charge, E; 1is the magnitude of tbe’field that

would sppear at the locgtlon of the lon bundle with an assumed arbitrary
potential V; on the pickup electrode and with the lonic charge absent,

and © is the angle between the field E, and the velocity v. - -

liv.

Because very little was known sgbout the form of the lonlzed reglon
produced by a pulsed discherge or 1ts exaect location in the air stream, ) _
the development of an Instrument for using ion bundles 1In a tracer L o
method of measurement has therefore proceeded on an empirical basis. -- -

23141

Description of signels received. - Two types of received signals . _
have been obgerved. Both are bidlrectional ‘and shaped approximately as
would be predicted from the current equation presented previously. One
type of received signal which 1s herein designated type I 1s first -
negative-going then positive. (Polarities are given with reference to
the input probe. Because there is an odd number of phase reversals in o _
the amplifier, a negative polarlity at the amplifier input shows as an e
upward deflection on the.ogcilloscope.) The other type of received sig- .
nal, type II, is first positive-going then negative, and is displaced with _ = -
respect to the position of the type I signal, the displacement varying L
with the statlc pressure:of the tunnel atmosphere from 90° advance to '

almost zero (fig. 2). With either tybe of signal the crossover or point o

of zero gignal is taken as the measurement point thus meking the measure- . 5
ments independent of amplitude fluctuabtions. Little is known about what . = |
causes the appearance of type I and type II signals except that they are o
evidently produced by regions having net ion charges of opposite sign.

‘e
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Under the usuel conditions of operation, it was found that not o
every discharge produced sn ion bundle of sufficient strength to operate_ R
the detector. The proportion of strikes to misses depended on the ) _ -
voltage and current in the discharge and on static pressure U T
in the air stream. The proportion in which the strikes were divided Losn
between type I and type IT signals also depended on the tunnel air pres- o T
sure and gpparently on the discharge volbtage and current (£ig. 10).

Experimentsl observations. - In order to understand the operstion - -
of the instrument and to evaluste the interdetector method it has beem = . ._. . =
necessary to consider some:dsta teken with a single detector using the. S
time snd distance measured from the ionlzer to the detector and also to
conslder both types of signals. A large number of individual determina- ..
tions of airspeed have been made and compared, in each case, with the e S
value derived from. the best availdble pressure readings, which usually
consisted of total pressuré and temperature measured in the tunmnel

entrance (bellmouth or plenum) and static pressure from wall orifices -
located near the electronic pickup.
In the tests where the static pressure was varled, it was found that

when the ionizer voltage and current were adjusted to give the corona
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type of discharge the type I signal was found to be predominant over most
of the pressure range and gave relisble results. In one test the shape
of the type I signal did vary with pressure as shown in figure 11 but
this change did not affect the crossover point and therefore the accuracy
of measurement was meintained. This change was apparently not an effect
of pressure slone for two reasons: It was nobt present in tests in other
tunnels at higher Mach numbers when the static pressure was as low or
lower; and, at least under some conditions, the signal shape could be
rectified by adjusting the ionizer voltage Velocities determined from
type II signals with a single detector, on the other hand, underwent a
regular shift corresponding to the displacement of the crossover with
statlc pressure. Figure 12 shows the results of & serles of messurements
using a single detector. In this figure (and elsewhere in this report)
the ordinate € is the percentage difference between the velocity
measured by the electronic instrument and the velocity determined from
pressure readings (see appendix B). At extremely low pressures, both
types of signal were attenuated. With the present instrument, the limit
of usegble signal was between 0.65 and 0.25 inch of mercury corresponding ~
to a pressure altitude between 85,000 and 105,000 feet.

In figure 13 the quentity € is shown as a function of the transit
distance D using data obtained with a single detector. A systematic
error varying with D 1is indicated. The single-detector method of
operation gpparently does not gilve useful accuracy except possibly when
a rather large transit distance is used and either type I signals only
are used or the static pressure does not vary.

The use of unsaturated molst air instead of dry air had no effect
on the accuracy of velocity measurement. With saturated air the presence
of condensation introduced some uncertainty in the comparison of the
velocities with those obtained from pressure readings. The intensity of
ilonization was greater in moist air than in dry air.

RESULTS OF INTERDETECTOR MEASUREMENTS

Either the pressure dependence of the type IT signals or the sys- .

* tematic error of the single-detector measurements would preclude the

development of s fundamental instrument. Fortunately both of these
effects seem to be eliminated by using two detectors and the interdetector
transit time and distance. Data obtained by the interdetector method
exhibit a random scatter of the values representing individuel readings.
Figure 14 shows the distribution of values of ¢ for individual inter-
detector readings. A systematic error of one or two percent is indica-
ted. This error is apparently indeptndent of transit distance.

None of the experimental tests provided any means for determining
how much of the difference ¢ should be assigned to the electronic
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Instrument and how much to the pressure readings. If the nonconstant

type of systematic error is, In fact, eliminsted by using the inter-
detector method and 1f the remaining systematic error in the interdetector
readings can be assigned to the pressure instrumentation, as appears
reasonable from comsidersations presented.in appendix B, then the elec-
tronic instrument cen he regarded ss a fundsmental Instrument when two

detectors are employed. '

There is reason to believe that the random error could be reduced
by using electronic mesns for asutomstic indexing or for sutomatic aver-
eging. Any method of averaging, of course, reduces thils error in pro-
portlion to the number of readings over which the averaging extends. In
figure 15, averages of electronic interdetector velocity readings are
compared with corresponding averages of velocities obtained from pres-
sure readings. Averages are taken over 50 miles per hour intervels and
each point represents from 6 to 22 individusl readings for the type I
signaels and from 4 to 14 readings for the type II signslsg. The line
grewn in this figure has the theoretically correct 45° slope. It can be
seen that the agreement of the data is excellent. -

DETERMINATION OF EFFECTIVE APPROACH DISTANCE

In any epplication of the velocity indicator it would be desirsble
to know the effective approach distance of the ilon bundle ; that is, the
distance between the detector electrode and the nearest point on the tra-
Jectory of the effective center of charge. In particular, it is desirable
to know how this distance- compares with the boundary-layer thickness in
any given situatlion. A possible answer +o this question may result from
a consideration of the current equation (see appendix 4) .

il:(%)iﬂ .;=<vil) Ezv cos @

The exact nasture of the quantity _E'z depends on the shspe of the
Plekup electrode and its loecation with respect to any grounded conductors.
As a first aspproximation, the electrode could be assumed to be a point,
and located far from any grounded conductors. In thils case, the field

would be radial with a magnitude E = %,
r

mining the magnitude of the field at unit dlstance and r is the radial
distance from the detector to the lon bundle. A more general condition
would be to consider that the actual field in a small element of space In
the region of interest around point 2 (po:l_nt location of ion bundle)
could be approximated by a radiel field following an inverse power rela-

where K 1s a constant deter-

tion, or E, = f%. If & coordinate system (fig. 16) is chosen with origin

vIS2.
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at the pickup electrode, and x-axis parallel to the ion bundle tragjectory
then cos 0 =§ and the spproach distance ('bhe perpendicular distance

between ion bundle trajectory end pickup electrode) d = A/r2 - x2. When
these relations are substituted in the expression for the induced current

Vi

Kvx - gk X
Lo+l Vi n+l

(62 + x2) 2
di

The current pesks will occur when El- = O, that is, when

4 .
E=tan6=:l: ‘\/E, or, because Xx = vt,

d =

Vo vty

where 14 1s the meéasured time interval between the crossover (zero
current) point and the peask of the induced current wave form.

In this derivation a point locatlion was assumed for both the ion

bundle and the pilckup electrode.

Data are presented in reference 3

showing that with wide electrodes the pesk-to-pesk signal width (which,
assuming symmetry, is equal to Ztl) 1s & function of electrode width.
If asymmetry of the field should cause the current crossover not to
coincide with the point of nearest approach of the ion bundle, an
error would be Introduced in the determination of 4. In any practical
situation this effect probebly would not be large and, moreover, even a
knowledge of the order of magnitude of d would be of scome value.

A curvature of the fleld due to nearby grounded conductors would
also cause an error through its effect on the dlrectional factor cos 6.
In order to evaluate this error, another hypothetlcal case is considered.
In this case, the electrode has a flat end of negligible dimensions and

-the field consiste of cirecular arcs as shown in figure 17. Again the

magnitude in the region of interest is approximated by E; = —I%, but now
T

cose=§=§-,
8 R

passing th:é'ough point 2.
and

d.2+x

R = 2x

where R d1s& the radius of the circular line of force

8

X

g,
R

By elementary geometry 2a =3 or
2%d d 2R - x
5 ok With the use of this value; the
a® + x
X ¥ and the current maximum occurs when
2y 2
+ X



10 : NACA EM ES2C31

d=\on+1 x = N/q:} 1 vty

Thus a correction.for the departure of the field from & radisl direction
based on the rather extreme assumption of circular arcs has the effect
of increasing the index by one but leaving the form of the relstion
between d and x; otherwise the same.

Neither of the hypotheticel cases studled can completely represent
the actudl physical situation, but each yields a simple relation for the
gpproach distance . d elther of which mey e expected to give at least
the right order of magnitude provided the assumptions regarding geometry
and symmetry sre sstisfied.

Among the date already teken at the Lewls laboratory, only two cases
include measurements on both the crossover and peak. ¥or the purpose of
calculation it was assumed thet the field is radisl eand n = 2 in these
two cases, then 4 = 0.70 ixch (3.4-in. tunnel at Mach number of 1.5) and
d-= 1.03 inches (1l-ft tunnel &t & Mech number of 3.2). If n= 1, the
values of & would be decreased by 30 percedt or 1f n = 3 the values
would be increased by 22 percent. In the first of these test situations
the boundary-layer thickness was probebly less than 0.70 inch and the
electronic veloclty reading was very close to the free-stream value. In
the second situation the boundary-layer thickness was probably greater
than 1.03 inches and the electronic velocity reading was about 30 percent
low. These resulis are not lnconsistent with an interpretation represen~
ting lon-tracer formation outside the boundery layer in the first case
and within the boundary layer in the second case.

MISCELLANEOUS TESTS AND APPLICATIONS

During tests in the 2- by 20-inch tunnel at low subsonlc velocities
a signal could be obtained with the detector removed from its mounting
and merely held agédinst the outside of the.l/?-inch thick plastic wall
of the test section. Also the signel continued when the detector was
moved along the -wall as far as 30 inches downstream from the ionizer.
Such a procedure seems to offer possibilities as a method of flow tracing.

The nature of the pulse system used does not give a contlnuous indi-
cegtion of air speed . but rather a series of instantaneous samples, each
representing an average speed over a portion of a streamline. The
unsteadiness of the signal in the directian of the time axis, which is
mentioned in connection with the random error in eppendix B mey be
observed by eye, or photogrephically, or measured by noting the timer

dial readings at the limits of fluctuation. TInsofar as this effect is

a result of large scale turbulence, such measurements should give some
information ebout the longitudinal component of the turbulence. An

2314
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automatic system using the two-detector method coupled into a start-stop
timer circult could be constructed for recording either instantaneous
semples or running averages of comsecutive values.

In addition to the primery spplication, that is, to provide measure-
ment without introducing shock waves in supersonic flow, £lush instru-
mentstion may be advantegecus in situastions where it is desireble to
reduce the drag caused by conventional sensing devices or their supports,
where instrumentation is sdversely affected by high temperatures or
erosion, or where its presence may cguse increased lce sccumulation.
Other suggested uses include the possibility of metering the fliow of
dielectric liquids, missile speed timing, and so forth.

CONCLUDING REMARKS

A conelderation of the application of tracer techniques to the
measurement of airspeed has led to evaluation of the types of tracer
materials, the methods of producing the tracers, and the methods of sys-
tem operation that yleld satisfactory results. An empirical process of
development has resulted In an iInstrument which operates by modulgting
the state of ionization of the air flow and electronic timing between
two similar detectors and gives airspeed directly in terms of time and
distance independently of amblent conditions of temperature, pressure,
or humidity. '

A comparison of the readings of this instrument with airspeed
values calculated from pressure readings shows a systematic difference
of 1 or 2 percent. If, as séems to be Indicated although not proven,
this difference represents an error in the pressure readings, the
remaining error of the electronic instrument can be made as smmll &s
desired by averaging a number of consecutive readings.

A theoretically derived and, as yet, untested method for deter-
mining experimentslly the effective approach distance or location of the
tracer path is presented.

Possible applications to flow tracing and turbulence measurement
are discussed.

Lewis Flight Propulsion Laboratory _
Netional Advisory Committee for fAeronsutics
Cleveland, Ohio
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APPERDIX A
THEORY (OF INDUCTION-PICKUP WAVEFORM

Green's reciprocation theorem in electrostatics (reference 9)
states that if V,, V5, . . . V, are the potentials produced on ele-

ments of conducting surfaces (or on the separate conductors of a sys-
tem) 1, 2, . . . n by a distribution of charges Q1, Q2, . - . Qn and

if & different distribution of charges Q,l', W'y ¢« « Qn' on the same
system of conductors produces potentials Vl' ’ Vz‘ PR Vn' s then

gvn"-"%vn'qn' ST

ez - .

In applying this to the velocity-indicator situation, conductor 1
1s the pickup electrode and conductor 2 is assumed to-be a conduetor of
infinitesimal dimensioms located at the position of the center of the ion -
bundle. The assumed charge and potential distributions are: (1) The )
lonie charge is not present, that is Qz = 0, but an arbitrary potential o
V1 (vwhich may be a unit potential) is applied to conductor 1, producing .
on it a.charge Q =4q; eand a field E, and potentlal V5 at point 2; '

(2) conductor 2 carries.the ionic charge (essumed constant) and conduc-

tor 1 1s grounded so that Qp' =g, V3' =0, Q' = qp' (unknown) and M
Vo' equals the potential at polnt 2 corresponding to the field Ex' at ’
that point which results from the given charge distribution. T

Then by Green's theorem:

9 'Vy + @Vz = O

Qo= -

1

In this equation ¢ and Vy are constant and Vy, 1is constant for any

given position of point 2 but becomes a function of time when point 2
moves. In accordsnce with Shockley (reference 10), the current through
a conductor conmnecting condugtor 1 to ground is

dq ! av >
S St S 5 A i |
1 = T& V) & —

Because Vz ig a function of the coordinates of point .2 s

avp vV V. v -
(——2- 2&x , 24y + —z & =vVg .@E‘_), the current may be written v

= o +
at Ox dt OJdy dt dz 4t at
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& I
or

il = (%) Eov cos e

where T is the position vector of point 2 with respeet to point 1 and
@ 1ie the angle between the field and velocity vectors.
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APPENDIX B
ANALYSIS OF ERRORS

Experimental observations together with an analysis of the error
equation . : L .
Dtd _ (v4v)

= —— X 100
V+v

where D = transit distance (measured by electronic instrument)

T

trensit time (measured by electronic instrument)

v

true alrspeed (measured by pressure instruments)
d, t, v = errors in foregoing gquantities, respectively

indicate that three types of error cover sll of the most probsble
sources: -(1) A constant error in transit time or distance produces a
systematic component of € which is a hyperbolic fumnction of D, (2) A
constent error in the pressure-determined velocity produces a systematic
component of € +which 1s independent of D, and (3) A rgpid f£fluctua-

tion of the signal imsge on the indicator, which may at least in part be

due to turbulence in the air stresm, requires a visual averaging which
together with other reeding errors produces a random component of €.

" The ecurves drawn through the single-detector data points in £ig-
ure 13 represent the hyperbolic functlons (e - 0.4)_D = Z21L.6 and
(¢ - 0.4) D = -32.5. ' - '
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(a) Gemeral view.
Flgure 2. - Electronic true airspeed indicator in 4- by 10-inch wind tunnel.
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(b) Ion eignal gemsrator, ionlzer, and detactars.

Flgure 2. - Continued. Electromic true alrspeed indicator in 4- by 10-Inch wind tunnel.
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Figure 4. - Wave form of pulse applied %o lonizing needls. .
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Static-preasure taps:
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Figure 5. - Wind tunnel wall insert showlng lonizer and detectors.
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SNA
C-29454

Flgure 7. - Typicel wave form of voltage pulse Induced in
detectar by passage of ion bundle {ion sigmal).

CA
C-29§55

Figure 8. - Wave form of voltage pulse received by direct inductlon.
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(v) Type II crosscver leads that of type I by approximately 45°,

Figure 9. - Wave rorm of lon signals recelved by detector.
One missg, one type I strike, and one type II strike.
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() Approximately four misses, five type I strikes, and one type IT strike.
Figure 10. ~ Wave form of received signals.
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c-z! 454

(a) Static pressure, 20.7 inches mercury.

~NACA -
C-29460

(v) Static pressure, 13.6 inches meroury,

Figure 1l. - Wave form of single type I received pulse.
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(e¢) Statlc pressure, 1ll.3 inches mercury.

(d) Static pressure, 8.1 inches mercury.

Figure 1ll. - Concluded,

Wave form of single type I recelved pulse.
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Figure 15. - Comparison of airspeed determinatioms by interdetector method.
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Ion bundle trejectory
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Figure 17. - Circular arc field E and applicsble geometry for calcula.'ting approach
distance d.
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